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One of the most striking approaches to the problem of pairing was pioneered by Nambu [1] who showed that a remarkable connection exists between the pairing mechanism and supersymmetry [2] . Within this framework, supersymmetry must be severely broken in order to make contact with phenomenology. It has recently been shown, see Refs. [3, 4, 5] , that a generalization of quantum supersymmetry to massive Dirac fermions [6] can be achieved if the Dirac Hamiltonian is of the form
with Λ a Hermitean operator, provided that these operators satisfy the following anticommutation relations
This new structure has been named Dirac supersymmetry (Dirac Susy).
In this letter we apply Dirac Susy concepts to superconductivity phenomena and demonstrate that one may accommodate within this formalism both the usual BCS mechanism as well as other kinds of fermion pairing. In view of the generality of the approach, it is likely that the underlying mechanisms of the so-called exotic superconductors [7] can be treated within the scope of Dirac Susy. One indication of this is seen in the example of a two-layered fermion gas in which a substantial increase in the energy gap can be achieved even for weak interaction. Our formalism lends itself to study the consequences of a BCS mechanism for a general fermion system with several components within the canonical transformation scheme proposed by Bogoliubov and Valatin (BV) [8] . For a recent survey of the relevance of BCS-based mechanisms to high-temperature superconductivity (HTSC) see Ref. [9] . The notion of component that we use should be understood in a broad sense: it can arise physically IFUNAM -FT94-45 from a spin degree of freedom, or from a pseudo-spin generated by layers in which an electron or hole moves; it can also stem from a finite number of transversal fermion states in a slab of finite thickness; or in general from any condition leading to a discrete representation of an degree of freedom. The latter is the case of the electron gas [10] in a doped multi-valley semiconductor or multi-valley semimetal.
A Dirac Susy structure such as (1) 
where h is required to be an even root of the supersymmetric operator,
FW transformed Hamiltonian is then
provided Λ has non-null eigenvalues. Further, Q and Q † in matrix form are
where the q are in general submatrices. which must be orthogonal in order to preserve the anticommutation relations for the bogolon operators, α k and β −k . We follow the notation of Fetter and Walecka [12] .
The new vacuum state |0> satisfies α k |0> = β k |0> = 0. A realization of this new vacuum could be, e.g., the BCS state
where |φ > is the original (quasifermion) vacuum, N is a normalization factor and g i is related to the amplitude of pairing in the i and −i states. Here, i stands for the relevant singleparticle quantum numbers. Clearly, the new vacuum, |0>, is not annihilated by the quasifermion operators a i . At zero temperature the thermodynamic potential [12] Ω(T = 0, V, µ) is given by the expectation value of the operator
Applying the BV transformation to this leads to separation of the operator K into a zero-body, H 0 , a one-body, H I , and a two-body, H II , operators; the weak-coupling assumption allows treating H II as a small perturbation to be neglected. H I written in a Nambu [1] matrix form is
where ξ k measures the Hartree-Fock quasi-particle energy ǫ 0 k with respect to the chemical potential µ and ∆ k is the gap function
will be shown shortly, (6) already implies a Dirac Susy structure.
The BV transformation is fixed by the requirement that this one-particle Hamiltonian H I should be diagonal for a nonzero value of v k with respect to the α, β basis.
The bogolon excitation energy is then given by
, and the gap function
The superconducting solution being characterized by ∆ k = 0. The familiar BCS interaction model giving a simple yet realistic nontrivial solution is of the form We now generalize the BV transformation for a system in which each fermion is characterized by a discrete parameter λ that can take on ν values. For ν = 2, this could correspond to the two spin- 
where T stands for transpose matrix, and
where ν ×ν matrices and ν-vectors are denoted with a check above. The commutation relations for the operators a kλ can be reexpressed in matrix form as
while the canonicity condition of the BV transformation requires that (9) is an orthogonal matrix, as can easily be verified by sandwiching (10) between U and U † . When this transformation is applied to the Hamiltonian K, one obtains as before an operator of the form K = H 0 + H I + H II .
Again the term H II is neglected. One has for H I the form (6) but with all quantities IFUNAM -FT94-45 bearing a check, i.e., they are ν × ν matrices. For our purposes the relevant structure is just
If in (1) we identify
one can easily confirm our central result that the standard BV operator and its extrapolations to multicomponent systems have in fact a Dirac Susy structure, and therefore it guarantees an energy gap. In this case, the BV transformation is completely equivalent to the FW transformation. Quite generally the condition (2) implies
which is satisfied ifξ = ξ 01 + ξ 1∆ , where ξ 0 and ξ 1 are functions of k.
Let us now introduce a finite-temperature formalism, it is useful to consider a mean-field approximation [13, 14] . The thermal expectation values are < A >= T r(e −βK A)/Z, with Z ≡ T r(e −βK ), one has in this context that < a † i a † −i > = 0 = < a i a −i > where we have merged the indices k and λ into the single i. With this notation, the matrix elements of∆ in the finite temperature formalism are
An effective one-body Hamilton operator can be written as
which leads to the Dirac Susy structure in the finite temperature formalism
as in the H I case. Then we have found Dirac Susy structure in the finite temperature formalism in a system with multicomponentes, independent of the structure and the intensity of the coupling.
We now illustrate the general ideas developed above with the following examples with ν = 2 for which the components are not (physically) equivalent to spin. This in practice means that the spin degree of freedom will be assumed to couple to a singlet state in the Cooper pair. The physical systems to which these models correspond are in fact inspired in the quasi-2D electron gas. a) First, consider an electron gas confined to a 2D slab of finite thickness; we assume that only the two lowest transversal energy states are important, i.e., the energy separation between the successive transversal states is big enough so that higher states can be neglected. b) Secondly, consider a two-layer 2D electron gas for which the spin degree of freedom could be neglected, and take the case for which the fermion degrees of freedom have been diagonalized before the BV transformation. These therefore describe quasiparticlesà la Landau, and as emphasized by Schrieffer [11] the pairing mechanism is more adequately applied to these states. Formally these states are described by diagonal matricesξ k . In both these models we takeξ k =1ξ k ; physically this means that the two components of (quasi-) electrons are equivalent before the BV transformation. Consequently (13) is satisfied for an arbitrary matrix∆ k . Performing the BV transformation on (16) we derive the bogolon Hamiltonian
This form is further diagonalized by any transformation diagonalizing∆ k∆ † k anď ∆ † k∆ k , it being sufficient to study either one of these two matrices because they appear in diagonal blocks and have the same eigenvalues. It is convenient to expanď ∆ in terms of Pauli matrices,τ τ τ , namely:∆ = ∆ 01 + ∆ ·τ τ τ , with ∆ a 3-vector, where the subindex k has been omitted, and ∆ 0 and ∆ might be complex. Then,
where the term proportional toτ τ τ is also real. Furthermore, the two vectors (∆ 0 ∆ * + ∆ * 0 ∆) and ∆ × ∆ * are clearly orthogonal to each other. Consequently the diagonal
Now, the lowest (highest) transition temperature T c is essentially determined by the system with multi-transition temperatures. In this discussion we have mainly been concerned with discrete fermion degrees of freedom. We remark, however, that this generally has implications for the orbital pair wave functions. For example, in the layered realization mentioned above, coupling among fermions in different layers will require a spherically asymmetric wave function, which in turn will imply P, D, etc.
wave components [15] .
In conclusion, the general Dirac Susy is adequate for pairing phenomena. There exists a general connection between Dirac supersymmetry and the BCS theory of superconductivity. Dirac supersymmetry was sketched, in particular the remarkable result that a unitary FW transformation decoupling positive and negative energy states can be explicitly constructed. The relation to conventional non-Dirac super-
